Objectives: To assess trends in hospitalizations among patients receiving rheumatoid arthritis (RA)-treatment in a 14-year period compared with population references.
Introduction
Rheumatoid arthritis (RA) is a common chronic inflammatory joint disease that affects approximately 0.5% of the adult population worldwide. This progressive disease is associated with long-term morbidity, disability and shorter life expectancy [1, 2] . Patients with RA have higher direct medical costs and hospitalization rates as compared with population references [3] . RA-related surgeries such as total joint arthroplasty (TJA), non-total joint arthroplasty (NTJA), TJA-associated procedures (TJA-AP) and other orthopedic procedures are important outcomes over the course of the illness in terms of costs, physical function and quality of life, but also are a measure of disease progression and treatment effectiveness in RA. In a study including 34,040 RA patient visits from an out-patient rheumatology facility, starting in 1974, 25% of RA patients underwent a TJA within 21.8 years of the disease onset [4] . Among patients who already had one TJA, 25% had a TJA in a different joint within 0.92 years and 50% within 7.0 years. More recent studies show a milder disease course as compared with patients diagnosed earlier, a trend that accompanies the introduction of biological disease-modifying antirheumatic drugs (DMARD) [5] [6] [7] [8] [9] .
The objective of this study was to assess rates of musculoskeletal hospitalizations, surgical procedures and all-cause mortality over time during a 13 year period among patients treated for RA with conventional and biological DMARDs in the Netherlands, and to compare these with population references.
Materials and Methods

Setting
Data were obtained from the PHARMO Database Network. This database network links drug dispensing records to hospital discharge records and various other data sources [10, 11] . For this study, the linked dataset of drug dispensing records to hospital discharge records was used; the study period included the entire period of data availability: January 1, 1999 until December 31, 2012.
Identification of RA patients
A retrospective matched cohort study was conducted. RA patients aged ≥ 18 years were identified by dispensing of any DMARD. The included drugs were based on Dutch treatment guidelines of RA [12] preparations) and biological DMARDs (tumor necrosis factor (TNF) inhibitors (etanercept, adalimumab, infliximab, certolizumabpegol, golimumab), interleukin-1 (IL-1) inhibitors (anakinra), interleukin-6 (IL-6) inhibitors (toclizumab) and white blood cell modulators (rituximab, abatacept). Glucocorticoids were not included because these are mainly used in combination with a DMARD and very unspecific for RA. Also note that drugs were only used to identify RA patients and treatment patterns were outside the scope of this study.
As these drugs have alternative indications, additional inclusion criteria were either a hospital discharge diagnosis of RA (ICD-9-CM 714.0, 714.1, 714.2, 714.81) any time during database follow-up, or at least one dispensing prescribed by a rheumatologist and no hospital discharge diagnosis of any of the alternative indications any time during database follow-up. The list of alternative indications used as exclusion criterion is available upon request. The index date was defined as the date of the first DMARD dispensing within the study period. Both newly treated patients (defined as no DMARD dispensing within one year before the index date) and prevalent patients were included in the RA cohort.
Matched reference cohort
Potential population reference subjects were all individuals in the database aged ≥ 18 years who were not selected in the RA cohort. Reference subjects were matched 2:1 to RA patients on birth year, gender and pharmacy. In addition, they had to be in the database at the matched patient's index date. This date was also the reference's index date ("baseline index date").
RA patients and reference subjects were followed from index date until end of the study period (December 31st, 2012) or end of data collection in the PHARMO Database Network (death, moving out of the PHARMO catchment area or local end of data collection) whichever came first.
Biological DMARD users
RA patients who received a biological DMARD at any time during study follow-up were also studied as a subcohort (bio-DMARD cohort). It should be noted that most of the bio-DMARDs are not distributed through the pharmacies in the Netherlands, but use is recorded in the pharmacy for the purpose of drug monitoring. The bio-DMARD index date may therefore not be exactly the date of starting bio-DMARDs, and further drug utilization assessment was outside the scope of this analysis.
An additional criterion for reference subjects was that if the patient received a bio-DMARD during follow-up, this potential control was still in the database at the time of the first bio-DMARD dispensing. This "bio-DMARD index date" was assigned as a second index date to each RA patient and reference subject.
Outcomes
Musculoskeletal hospital admissions, surgical procedures and allcause mortality (cause of death not available) were assessed during follow-up. Musculoskeletal hospital admissions were defined as a primary discharge diagnosis of arthropathy and related disorders (ICD-9-CM codes 710-719), dorsopathy (ICD-9-CM codes 720-724), rheumatism, excluding the back (ICD-9-CM codes 725-729) or osteopathies, chondropathies and acquired musculoskeletal deformities (ICD-9-CM codes 730-739).
Musculoskeletal surgical procedures were defined as a primary hospital procedure of surgery on bone, except facial bones (CvV-code 5-78), incisions and excisions of joint structures (CvV-code 5-80), repair and plastic surgery on joint structures (CvV-code 5-81) or surgery on muscle, tendon and fascia of hand and wrist (CvV-code 5-82). Procedures were coded according to the Dutch Classification of Procedures, which is similar to the ICD coding system [13] .
Mortality was assessed using information from the Central bureau of Genealogy which includes date of death. Due to privacy constraints, data on mortality have a lag time of 2 years, and for this study data was available up to December 2011. Therefore, only individuals with cohort entry year up to 2011 were included for the mortality analysis.
Statistical analyses
To evaluate the risk of musculoskeletal hospital admissions, surgical procedures and mortality of RA patients compared to reference subjects (and bio-DMARD users compared to their reference subjects), event rates were calculated in each cohort per calendar year during the study period. The observation period for each year was from January 1 or index date, whichever occurred last, until end of follow-up or December 31, whichever occurred first. Event rates per 100 person-years (py) were calculated by dividing the number of events by the sum of days of follow-up in the study cohorts. Two-sided 95% confidence intervals (CI) for rates were derived based on the Poisson distribution {(√(# events))±1}^2. Rates were compared between RA patients and reference cohorts using Poisson regression.
In this study, a proxy was used to identify treated RA patients. The algorithm was sensitive because all individuals receiving outpatient treatment indicated for RA were included, but less specific as patients with alternative indications which were not captured by hospital discharge diagnoses were included as well. In addition, the discharge diagnosis of RA (ICD-9-CM 714) was part of the definition of arthropathy and related disorders (ICD-9-CM codes 710-719) which was one of the outcomes. All event rates were therefore also calculated separately for RA patients with and without a hospital discharge diagnosis of RA any time during database follow-up.
All data were analyzed using SAS programs organized within SAS Enterprise Guide version 4.3 (SAS Institute Inc., Cary, NC, USA) and conducted under Windows using SAS version 9.2.
Results
From among 67,465 individuals who had a DMARD dispensing during the study period, 6,398 (9%) had also a hospital discharge diagnosis of RA any time in their database history or follow-up. In addition, 29,581 (44%) did not have an admission record for RA, but at least one of their DMARD dispensings were prescribed by a rheumatologist. After exclusion of 2,065 patients who had a hospital discharge diagnosis of any of the alternative indications, 33,914 (50%) patients were included in the RA cohort of which 32,829 (97%) could be matched to 2 reference subjects and included in the study. Among the 32,829 RA patients, 77% were newly treated. Most RA patients Page -03 ISSN: (67%) were women and the mean age (±SD) at index date was 56 (±15) years (Table 1) . Mean (±SD) follow-up was 6 (±4) years after the first DMARD dispensing (same for RA patients and reference subjects).
A minority of RA patients (9%) received a bio-DMARD during the study period ( 1 Bio-DMARD users and their reference subjects, followed from the first bio-DMARD dispensing. Note that the first bio-DMARD dispensing was on or after the first DMARD (any) dispensing by definition.
2 RA patients and reference subjects were matched on birth year, gender and out-patient pharmacy. 3 Any DMARD for the overall cohort; first biological DMARD for the bio-DMARD cohort. 4 Any time in the database.
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first bio-DMARD record was 54 (±14) years and 66% were women. Their mean (±SD) follow-up after the first bio-DMARD dispensing was 4 (±3) years. Table 2 lists the DMARDS identified in the Out-patient Pharmacy Database. All DMARD dispensings during the study period were included, so patients on combination therapy or changing therapy appear in multiple cells. Methotrexate was the most frequently observed DMARD among RA patients: 20,864 (64%) users had a record of methotrexate dispensing in the overall RA cohort and in the bio-DMARD subcohort 2,173 (77%) had a methotrexate dispensings record. Besides methotrexate, hydroxychloroquine (42%) and sulfasalazine (30%) had been used by many patients in the overall RA cohort. The order of frequency was slightly different in the bio-DMARD cohort, where methotrexate was followed by sulfasalazine (39%), hydroxychloroquine (27%) and leflunomide (25%). Of the bio-DMARDs, etanercept was used by most patients (6% overall and 66% in the bio-DMARD cohort) followed by adalimumab (2% and 21%, respectively). increase to higher rates around 2002 with a decrease thereafter were observed for "arthropathy and related disorders" (28 admissions per 100 py (95% CI 27-29) in 2002 and 9.8 admissions per 100 py (95% CI 9.4-10.2) in 2012), "rheumatism, excluding the back" (2.9 (95% CI 2.5-3.3) and 1.0 (95% CI 0.9-1.1) admissions per 100 py, respectively) and "osteopathies, chondropathies and acquired musculoskeletal deformities" (1.2 (95% CI 0.9-1.4) and 0.7 (95% CI 0.6-0.8) admissions per 100 py, respectively) while the rate of "dorsopathy" admissions gradually increased during the total study period (from 0.7 (95% CI 0.5-1.0) to 1.8 (95% CI 1.6-2.0) admissions per 100 py, respectively).
The high rates around 2002 were only observed for hospital admissions; surgical procedure rates among RA patients decreased over the study period from 7.3 surgeries per 100 py (95% CI 6.5-8.2) in 1999 to 2.1 surgeries per 100 py (95% CI 1.9-2.3) in 2012. The corresponding RR decreased from 5.6 (95% CI 4.5-7.1) to 2.4 (95% CI 2.0-2.7) (Figure 1 ). This trend was similar for all procedure categories. The most frequent surgical procedures were related to repair and plastic operations on joint structures: rates among RA patients were 3.5 surgeries per 100 py (95% CI 2.9-4.2) in 1999 and 1.2 surgeries per 100 py (95% CI 1.1-1.4) in 2012 and corresponding RR 5.5 (95% CI 3.9-7.7) and 2.4 (95% CI 2.0-2.9). The highest rate as well as the largest decrease in rate and RR over the study period was observed for hospital admissions with discharge diagnoses of "arthropathy and related disorders" (see results presented above). However, these conditions (ICD-9-CM 710-719) include ICD-9-CM code 714 which was used to identify RA patients in this study (if recorded any time) and a sensitivity analysis was performed by stratifying on the presence of the diagnosis code. Among patients with a hospital discharge diagnosis code 714 any time during the observation period, the RR of admission for "arthropathy and related disorders" was 32 (95% CI 21-49) in 1999, 69 (95% CI 54-88) in 2002 and 35 (95% CI 29-43) in 2012. Among patients without this diagnosis code the respective RRs were 2.3 (95% CI 1.5-3.5), 2.6 (95% CI 2.0-3.3) and 2.2 (95% CI 1.9-2.6).
Most RA patients (81%) did not have a hospital discharge diagnosis of RA any time during database follow-up; these patients were identified through the DMARD prescriber and absence of admissions for alternative indications. The admission rates of RA patients with and without a hospital discharge diagnosis of RA any time during database follow-up differed by definition, not only for "arthropathy and related disorders" but for all diagnosis groups. Over the whole study period, the rate of musculoskeletal admissions was 19 per 100 py (95% CI 18-19) in the overall RA cohort, 63 per 100 py (95% CI 62-63) among those with and 4.9 per 100 py (95% CI 4.8-5.0) among those without a hospital discharge diagnosis of RA any time during database follow-up. The decreasing rates and RR were most apparent among the group with a hospital discharge diagnosis of RA. Corresponding rates for surgical procedures were 3.9 (95% CI3.8-4.0) overall, 9.3 95% CI (9.0-9.6) among those with and 2.2 (95% CI 2.1-2.3) among those without a hospital discharge diagnosis of RA.
All-cause mortality rates slightly increased during the study period among RA patients (0.8 (95% CI 0.6-1.1) per 100 py in 1999 to 1.3 (95% CI 1.2-1.5) in 2012) as well as reference subjects (0.5 (95% CI 0.4-0.7) per 100 py in 1999 to 1.0 (95% CI 0.9-1.1) in 2012) and were higher among RA patients. The relative mortality rate was 1.5 (95% CI 1.4-1.6) over the entire study period. Among the bio-DMARD subcohort, mortality rates were similar.
Discussion
This study assessed the musculoskeletal hospitalization and surgical procedure rates as well as mortality rates among patients treated for RA in the Netherlands between 1999 and 2012. To put these rates in perspective, treated RA patients were matched with general population references to compare the rates. A total of 32,829 treated RA patients were included in the study, with a mean followup of 6 years after starting DMARD treatment. During the study period, a temporary increase in the admission rate was observed among RA patients but not among reference subjects. This temporary increase was not due to an increase in surgical procedure rates, as these decreased steadily over the study years. These results confirm observed trends in other recent population-based studies [5] [6] [7] .
The increased admission rates around 2003 were observed for most musculoskeletal diagnosis groups. As the increase was somewhat stronger among bio-DMARD users than among RA patients without a record of bio-DMARD use, the additional admissions may have been due to the administration of infliximab, which is administered intravenously. Some hospitals code these visits as an admission, others do not. Infliximab was the first bio-DMARD available (registered in 1999), followed by etanercept in 2000 and adalimumab in 2003. The latter two are subcutaneous injections. The introduction of the subsequent bio-DMARDs may explain the decrease in admission rates after 2003. Biological DMARDs are indicated for patients with active RA who do not respond sufficiently to methotrexate therapy, the first choice in the Netherlands [12] . Probably due to their more severe disease, the surgical procedure rates observed in the bio-DMARD subcohort were higher. This subcohort also had the strongest decrease in surgical procedure rates during the study period. Part of this effect must be explained by the effect of the bio-DMARD treatment itself, but may also reflect a trend towards earlier prescription of bio-DMARDs, i.e. to patients with less advanced disease [12] .
During the study period a slight increase in mortality was observed; however note that the study population was ageing as well. The increase was similar among RA patients and reference subjects which excludes an RA-specific trend.
Patients without any RA hospital discharge diagnosis were considered as RA patient when they were prescribed at least one RA drug by a rheumatologist and did not have a hospital discharge diagnosis of any alternative indication. However, as the hospital admission database only includes overnight stays, we likely have missed some of the alternative diagnoses and included patients with other diagnoses than RA. Published prevalence estimates vary in their definitions; a median prevalence of 5 per 1,000 individuals in north Europe was estimated from 6 studies, ranging from 4 to 8 per 1,000 [14] . According to the Dutch Rheuma Foundation, the self-reported prevalence of RA was about 19 per 1,000 individuals in 2010 [15] . According to Dutch primary care reference figures [16] , there were about 116,000 RA patients registered in primary care in the Netherlands (among 17 million individuals the prevalence is 7 per 1,000). The algorithm used in our study identified 33,914 RA patients from among 3.2 million individuals: a prevalence of 11 per 1,000 individuals. Part of our study patients may not have been actual RA patients due to the limited specificity in the group without an RA hospital discharge diagnosis. We observed much higher event rates among patients with such a diagnosis; however note that these represent the other extreme as they 1) were partly selected on the outcome and 2) represent patients with more advanced disease. These considerations should be kept in mind when interpreting the findings from this study; the actual rates are likely above the rates reported for the overall RA population but not as high as in the sub-group with a discharge diagnosis.
Strengths of this study include the use of large observational databases which were linked on a patient level. Data were collected from 1999 onwards and up to 14 years follow-up was available. These data are registered as part of routine health care and are used for medical reasons (not for insurance claims) and therefore reflect the health status on an accurate level.
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In conclusion, rates of musculoskeletal surgical procedures among patients treated for RA in the Netherlands decreased from 1999 to 2012. The largest reduction occurred during the period when bio-DMARDs were introduced. However, in 2012, surgical procedure rates remained more than twice as high for patients with RA as compared to reference subjects and almost four times higher among patients receiving bio-DMARDs.
